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FRONT COVER: Black-and-white photographic copy of computer-

enhanced, false-color, multispectral-scanner LANDSAT imagery of Lee

County, Virginia and adjacent areas in Kentucky and Tennessee. Scale is

l:250,000; original imagery provided by the Gerieral Electric Company.
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LINEAMENT AND FRACTURE TRACE ANALYS$ AND ITS APPLICATION TO
oIL EXPLORATION IN LEE COUNTY, VIRGTNIA

By

Thomas M. Gathright, II

ABSTRACT

In this study the relationship of oil production and oil
occurrence to lineaments and fracture patterns in Lee
County, Virginia is examined to assess the relative value
of LANDSAT imagery as an oil exploration tool. Linea-
ments and fracture patterns were derived from LANDSAT
imagery and from air photos.

The geology of the oil fields and construction and pro-
duction data for 102 oil wells form the data base for
evaluating the relationships between lineament trends and
distributions of oil production and occunence. LAND-
SAT lineament maps and air photo lineament maps were
prepared for Lee County using twenty-one, 7.S-minute
topographic quadrangles. Analyses included plotting
lineament population densities and trend distributions as
Cartesian diagrams, histograms and rose diagrams, and
calculating air photo/LANDSAT lineament population
ratios for each of the four structural sub-provinces in the
county area. The production of individual wells and the
trends of lineaments (fracture traces) and distances to
them indicate that LANDSAT lineament maps derived
from multiseasonal enhanced scenes or from enhanced
scenes having high sun angles are useful tools in structural
analysis and, therefore, in petroleum exploration. These
maps do not provide the cartographic accuracy that is
needed for siting test wells nor do they provide lineament
population densities that correlate adequately with air-
photo-derived lineament population densities.

The study was funded by the Appalachian Regional
Commission under contract No. 79-166.

INTRODUCTION

The purpose of this study is to evaluate the use of
lineaments and fracture patterns identified on LANDSAT
imagery as a tool for petroleum exploration in Lee
County, Virginia (Figure 1). This county is in aportion of
NASA/ARC Applachian Lineament test site no. 3. The
study was funded by the Appalachian Regional Commis-
sion, (ARC) Contract No. 79-16f, CO-7 115-79-13024725 in
coperation with the National Aeronautics and Space
Administration (NASA).

The fint step in the study was adjusting the scales of the
LANDSAT imagery, air photos, and topographic quad-
rangle maps (on which the oil well sites were plotted) so
that the "landforms" could be compared to well sites.

Another early step was the comparison of LANDSAT
prints in order to evaluate the effect of seasonal changes in

Figure l. Index map

sun angle and ground cover on observing lineaments on
these prints. Finally, data on lineaments observed on air
photos and on LANDSAT imagery were related to oil
production.

Two types of areal distributions of lineaments were
used in the study: 7.5-minute quadrangle and regional
structure distributions. Four regional structures were used
for analyses of lineaments: the Powell Valley anticline,
two areas of the Middlesboro syncline, and the thrust fault
belt.

METHODOLOGY

LANDSAT lineament maps: The LANDSAT imagery
utilized for the project comprised 12 color prints of ARC test
site no. 3 at 1:250,000 scale; the test site includes ke
County, Virginia. These 12 prints include 4 different
computer enhancements (reflected in the print numbers)
for each of 3 scenes, December (prints 13-16), February
(prints 17-20) and May (prints 2l-24), and include a wide
range in vertical and horizonal sun angles. The prints were
examined to determine which scene(s) and which en-
hancement(s) provided the greatest number of lineaments
per unit area and the best lineament resolution. Two
prints, numbers 2O and 21, were selected for use in this
study. They were examined by three observers using high-
and low-oblique orthographic viewing and viewing
through a diffraction grating. Linear features observed
include short, straight, sharply defined boundaries be-
tween shadow and sunlight; stream segments and valleys;
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and long, straight subtle textural or tonal features which
are best seen by low-oblique viewing. The diffraction
grating produced too much visual "noise" for observing
individual linear features, but it did bring out dominant
lineament trends.

All lineaments observed on prints 20 and 2l by each

observer were plotted on clear mylar placed over and

registered to the prints. Compilation mylars were then
made from the lineament data of each observer for the two
prints. The two compilation mylars (representing the two
prints) then were aligned approximately with the 1:250,000-

scale, Johnson City topographic map by using salient

topographic and cultural features visible on both the prints
and the map as registration points. State and county
boundaries and 7.5-minute quadrangle boundaries were then
transferred from the Johnson City map to the compilation
mylars. The sites of all producing and non-producing oil
wells were then plotted on the compilation mylars (scale

1:250,000) by photographically adjusting the scale oflarge-
scale mylar maps containing the well information. These

mylar maps were 7.S-minute quadrangles previously
reduced to l:50.000 scale.

The two compilation mylars (Figures 2 and 3) thus show

the general spatial relations of the LANDSAT lineaments

derived from prints 20 and 2l to the oil well sites. These two
mylars were then combined to form a composite map of all
the lineaments recognized on the two LANDSAT prints
(Figure 4). Numbers of lineaments observed on LANDSAT
imagery and on air photos as well as their ratios for each of
the 21, 7.5-minute quadrangle areas are tabulated in
Figures 5 and 6. Additionally, the azimuths (bearings) of
LANDSAT-derived lineaments from four structural areas

in or adjacent to Lee County are compiled in Cartesian
diagrams in Figures 7-10.

Air photo lineament maps.'The control imagery consists

of stereopairs of quadrangle-centered, panchromatic, air
photos (scale l:80,000) for the 21,7.S-minute topogra-
phic maps for Lee County. These air photo stereopairs
were examined stereoscopically by one observer using an

Old Delft Scanning Stereoscope ODSS III. All linear,
topographically low landforms, except those obviously
related to strike-oriented differential weathering of in-
clined beds, were plotted on clear mylar placed over one

member of each stereopair. Each of these 2l air photos

together with the superposed, plotting mylar was then
photographed on 35mm high-contrast panchromatic film.

ouaDlAt{ot: NAtEs aND l{urrllEts t:fEt To ?tAllg l-21

Figure 2. LANDSAT lineament map of Lee County, Virginia derived from print 20.
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Figure 3. LANDSAT lineament map of Lee County, Virginia derived from print 21.

The composite photograph was projected onto a tilting
easel on which the appropriate 7.5-minute topographic
quadrangle mylar (scale l:50,000) was mounted; image
size and easel tilt were adjusted to get the best fit between
the projected image and the topographic base. This pro-
jected image, now fitted to a topographic base, was
printed, and the photograph was registered to the topo-
graphic mylar for a final check. The lineament traces were
then transferred directly to the l:50,000 topographic base
on a light table.

Using these maps, the azimuth for each lineament
having more than 50 percent of its extent in the quadrangle
was recorded. Then rose diagrams were constructed from
the data for each quadrangle (Figure I l). In addirion,
Cartesian diagrams of lineament azimuth were prepared
for each of four structural regions in the study area
(Figures 7-10). The data presented in Figure 7 are com-
bined in Figure 12 for easy comparison of the lineament
data from LANDSAT prints 20 and 2l and from the air
photos.

Comparisons of LANDSAT prints and air photo linea-
ment populations and trends: Lineaments in each quad-
rangle were counted and tabulated (Figure 5 and 6) for
both LANDSAT imagery and for air photos. The number

of LANDSAT-derived lineaments ranges from 7 to 49 per
quadrangle (print 20) , 16 to 62 per quadrangle (print 2 1 )
andTl to 315 per quadrangle (air photos). The ratio ofair
photo lineaments to LANDSAT lineaments ranges from
2.70 to 18.43 per quadrangle for print 2l. On comparing
these ratios prepared from print 20 (Figure 5) with the rose
diagrams of lineament trend frequencies derived from air
photos (Figure 1l), it is apparent that where northwest-
trending air photo lineaments are dominant, the air photo/
LANDSAT lineament ratio is large. Where the dominant
air photo lineament trends are east-west or north-south,
the air photoiLANDSAT lineament ratios are small. This
suggests that many northwest-trending, linear topo-
graphic features that are recognized as lineaments stereo-
scopically on the air photos are not recognized ortho-
scopically on print 20 of the LANDSAT imagery.

The solar illumination direction for LANDSAT print 20
is N40"W (320" azimath), a direction close to the
orientation of the maximum frequency of the air photo
lineament trends for most of the quadrangles. This sug-
gests that the observed wide range ofratios for print 20 can
be attributed to the masking effect that sun position has on
the northwest-trending, linear topographic features. The
low sun angle (29" degrees above the horizon) accentuates
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Figure 4. Composite LANDSAT lineament map of lre County, Virginia derived from prints 20 and 21.
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Figure 6. comparison of air phoro and LANDSAT (print 2r) lineament populations.

north-, northeast-, and east-trending features and in-
creases the probability that linear topographic forms
having these orientations will be observed. These char-
acteristics distort the LANDSAT lineament-trend fre-
quencies with respect to those derived from the air photos.

In comparing the sun azimuth and elevation for each of
three LANDSAT scenes (February, May, December) it
was found that sun azimuths for the December and
February scenes were closely aligned with the lineament
maxima obtained from the air photos. Most LANDSAT
lineaments are the expression of aligned or linear
topographic features as brought out by shadows. Thus the
degree of their expression is contingent on both the
horizontal and vertical angle of illuminations, that is, on
sun azimuth and elevation (Wise, 1969). Prints from the
May scene have an illumination direction that does not
coincide with the lineament-trend maxima derived from
the air photos. The sun's elevation in the May scene is
greater than those in the December and February scenes
and is also greater than the angle of topographic slopes in
the area. The resultant high illumination-angle provides a
relatively isotropic lighting which reduces the shadow
expression of all topographic forms. The reduction of
intensity and number of shadows reduces overall subject

Dr.frlng by S.L.A. & M.W.C.

contrast without reducing photo (gamma) contrast. This
condition of isotropy aids perception of low-contrast
linear features that are obscured by shadows. Isotropy also
decreases the dominance of high-contrast linear forms as
observed on scenes obtained at times of low sun angle.
Data analysis of print 2l of the May scene not only pro-
duced lineament-trend maxima most like those derived
from the air photos, but also produced larger lineament
populations than any print of the winter scenes.

Long, straight, regionally extensive, tonal lineaments,
only seen on low-oblique viewing, are visible on the best
enhancements of all scenes. These long lineaments appear
to be expressed best on the December scene.

It appears that adequate maps of LANDSAT-derived
lineaments cannot be made from a single scene, but that at
least two scenes, having as widely divergent illumination
directions as possible, should be used. Probably the best
lineament map that could be derived from the least number
of the prints used in this project would be a composite map
of lineaments derived from prints 14,20 and 21 - prints
from December, February and May scenes, respectively.
Lineament-trend and population distribution on this
composite map should approximate the real distribution of
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topographically and tonally expressed structural features

in the study area.

The composite number of lineaments for prints 20 and

2 1 (Figure 4) are used for the analysis of the relationship of
LANDSAT-derived lineaments to oil production in Lee

County. If only one print were to be used, it should be one

chosen from the scene (season) having the highest sun

angle. The enhancement chosen for the scene should be

the one giving the highest contrast (gamma) and the

sharpest resolution.

Lineoments and geologic structures: Comparisons of
Cartesian diagrams for LANDSAT prints 20 and2l and the

air photos of four major structural areas are shown in
Figures 7-10. The general geographic distribution of
lineaments derived from air photos is shown in Figure I1..

Cartesian diagrams for LANDSAT prints 20 and 2l and

the air photos of four major structural areas are shown in
southwestern portion of the Middlesboro syncline
(Figures 7-10). In this area the strong lineament trends to

the northwest were not observed on the imagery or on the

topographic maps, and probably are absent. The low sun

angle and high contrast of LANDSAT print 20 accentuates

the north- to east-trending linear features that form the

a ux6ar tltir 20, 332 uxMil5

c. an ?tsolot, ldo uital:xls

Figure 7. Cartesian diagrams of lineament azimuth distributions found

along the Powell Valley anticline (Plates 4-6; 8-13; and 15-19).

major lineament trends seen on the air photos in this area.

As a result, lineament trends on LANDSAT print 20 more

closely match the lineament trends seen on the air photos

than do those on print 2l (Figure 8).

The lineament-trend frequencies derived from the air
photos and from print 2l correlate well for the thrust belt
(Figure l0); the LANDSAT lineament populations are low
here when compared to other areas (Figure 6). This
can be directly attributed to the geology of the thrust belt
where northeast-trending, steeply inclined strata are re-
peated in nearly parallel belts. Many short, straight,
northwest-trending, linear valleys developed at a large

angle to the strike of rock formations are visible as

Figure 8. Cartesian diagrams of lineament azimuth distributions in the

Middlesboro syncline (Plates 7-9 and l5).

lineaments on the air photos, but many of these are too

small or oriented too nearly parallel to the sun direction to
be recognized on the LANDSAT imagery. Thus, there are

large air photo/LANDSAT lineament ratios in areas of
steeply inclined rocks where the strike of the rock units is

perpendicular to the sun direction.

A comparison of the Cartesian diagrams of lineament

azimuth distribution on the Powell Valley anticline from
LANDSATpint20 andthe airphotos are shown inFigure
12. The frequency curves are closely similar except for
observations that fall within 30 degrees of the illumination
direction for the LANDSAT imagery. The degree of
divergence of the curves suggests that 30 to 40 percent of
the potential lineament-forming topographic features

along the Powell Valley anticline are unrecognized on
print 20.

LANDSAT lineament populations seem to vary with
both rock type and Paleozoic structure, although the struc-
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Figure 9. Cartesian diagrams ot tin""lli'ent azimuth distributions on the
northeastern portion ofthe Middlesboro syncline (plares l-6 and l0).

ture may exercise the greater control. There is a dense
population of very distinct lineaments on the LANDSAT
imagery along the crest of the Powell Valley anticline,
where gently inclined dolomite and limestone form the
floor of Powell Valley. The more steeply inclined, silici-
clastic and interbedded carbonate rocks along the flanks of
the anticline are nearly devoid of short, straight LAND-
SAT lineaments.

LANDSAT lineaments are moderately numerous in the
nearly horizontal Pennsylvanian age rocks of the Mid-
dlesboro syncline (Plates 1-5, and 8-10) and are sparse in
the steeply inclined rocks of the thrust belt southeast of
Powell Valley (Plates 13, 14 and l8-21).

Frequency-maxima of air photo lineament trends (Fig-
ure I l) generally conform well to t}te transvgrse and di-
agonal joint trends which would be expected in the gently
to moderately plunging northeastern portion of the powell
Valley anticline. There are similar frequency-maxima in
areas of nearly horizontal strata in the Middlesboro
syncline, the adjacent fold structure to the northwest. In
the southwestern portion of the study area, several quad-
rangles (Plates 7, 8, 9, and 16) contain north-south and
east-west trend-maxima that can be related to fracturing
associated with the north-trending Rocky Face fault or the
northeast-trending Doublings fault zone and associated
parallel flexures. Northwest-trending frequency-maxima
do not appear to be present in this area. The southeastern
portion of the area is characterizedby imbricated thrust

90 ao ro 60 ao ao 30 20. to o lo 20 30 ao 50 60 to ao 90,NE
eor*

Figure 10. Cartesian diagrams of lineament distributions in the thrust
beft (Plates 12-14 and 18-21\.

faults and moderately to steeply inclined, northeast-trend-
ing fold limbs. The strongest northwest maxima occur in
this area (Plates 13,14, and l8-21) and may be the result
of masking of longitudinal and diagonal fracture systems
by the well-defined, steeply inclined beds of the thrust
belt.

OIL PRODUCTION AND GEOLOGY

Oil exploration began in Lee County, Virginia in l9l5
with the D.C. McClure number I well. Sporadic drilling,
based on little geologic knowledge of structure or strati-
graphy, continued through 1945 with some small success.
The proven presence of oil in Lee County together with
higher oil prices sparked an increase in drilling in 1946 so
that by 1950,76 wells had been completed or abandoned.
Since then, 26 additional wells were drilled and several
more are currently being drilled orcompleted. Production
is from the Rose Hill and Ben Hur fields.

Information for 102 wells drilled for oil in Lee County
was obtained from Miller and Fuller (1954) and files of the
Virginia Division of Mineral Resources and the Virginia
Division of Mines and Quarries. These data are in the
Appendix.

In 1978, 2390 barrels of oil were produced from 5 wells
in the Lee County fields bringing the cumulative produc-
tion of the two fields to more than one-quarter million
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Figure I I . Lineament-trend frequency map of Lee County, Virginia derived from lineaments observed on air photos. Lengths of line in the diagrams are

porportioned to the percentages of the total lineament frequency (360") lying within 5 degrees intervals. Arrows in circles depict approximate fold

trends and plunge directions.
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Figure I 2 . Lineament-trend frequency curves derived from LANDSAT prints 20 and 2 I
County, Virginia.
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and stereopairairphotos ofthe Powell Valley anticline in Lee
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barrels. Oil production is from shallow and inexpensive
wells; relatively few wells are dry. production from in_
dividual wells generally decreases rapidly and may cease
after a few weeks or months. Such production character_
istics are common to oil wells in fracture reservoirs.
Because oil production in Lee County is associated with
fractures and because the traces offractures are visible on
remote-sensing imagery, this imagery may be a useful tool
for selecting productive oil well sites in Lee County.

Geologic investigations.' Early geologic studies of Lee
County oil fields include the works of Butts (1927),Miller
and"Fuller (1954) , and Miller and Brosge (1954) .In these
works, the basic stratigraphic and structural framework of
the rocks in Powell Valley was established, and the oil-
producing formations of the area and the anticlinal struc-
ture of the rocks beneath the pine Mountain thrust sheet in
Powell Valley were recognized. Geologic maps for about
95 percent of the area of Lee County at scale |:24,OOO
(7. 5-minute quadrangles) have been published (Miller and
Fuller, 1954; Miller and Brosge, 1954, Harris, 1965;
Harris and Miller, 1958, 1963; Harris and others, 1962;
Englund, 1964; Englund and others, 1961,1963,1964;
Miller, 1965; Miller and Roen 1971, 1973). The remain-
ing 5 percent ofthe area is included on a l:250,000 scale
map (Butts, 1933). New concepts of the development of
the Pine Mountain thrust and the associated powell Valley
anticline have been proposed by Harris (1967) and Harris
and Milici (1977).In these concepts, strata of the powell
Valley anticline are considered to have been locally flexed
at least two different times. Arching accompanied
movement along separate thrust planes of the pine Moun_

tain thrust system. Figures 13 through 15 provide a
graphic summary of the geology of Lee County; a genera-
lized stratigraphic column forthe county is shown in Table
1.

Fracture systems visible on LANDSAT imagery and on
air photos probably include ones developed during flexing
of strata in the Powell Valley anticline. It is anticipated
that these fracture systems are characterizedby fracture
trends that lie parallel, normal and diagonal to the local
trends of the axial trace of the Powell Valley anticline.

In addition to these fractures, which are related to Al-
leghanian deformation, there are numerous post-Alle-
ghanian features which are transverse to the regional
structural grain ofthe Appalachian thrust belt ofthis area.
These transverse fractures extend into the plateau prov-
ince.

The Rose Hill and Ben Hur oil fields (Figure 15) are
situated in Powell Valley on the crest of the Powell Valley
anticline. This broad, northeast-plunging anticlinorial
structure includes the Chestnut Ridge and Sandy Ridge
anticlines and the Cedars syncline (Figure 13 and 14). The
Powell Valley anticline is the major fold of the pine
Mountain thrust sheet, a sheet with a nearly horizontal
lower boundary. The rocks of the block were arched up-
ward to form the anticline by movement along the Bales
fault slice, which lies beneath Powell Valley. The pine
Mountain thrust sheet is comprised of rocks ranging in age
from Middle Cambrian to Pennsylvanian (Figure 13).
Locally in Powell Valley, the entire stratigraphic se-
quence of the upper sheet has been eroded. Ordovician to

P

M

DS

Oo

Om

oot

e'
-:r

E X PL AIiI ATION

PEI{NSYLVANIAf, ROCKS

rtsSr9srPPtAN ROCKS

oEvo||raN Ailo stLuRtal{ RocKs
UPPER ORDOVICIATI SHALES AIID SAilDSTONES
rroolE oRoovtctAl| LtrEsToilEs (tlcLuDtilG THE TR€ilTON-
EGoLEsroil,ailD MoccAstt{ FoRuAtroi{s rr rle uppen plirt

-/
-'14- -'

P

KNOX GROUP
COI{ASAUGA EROUP

ROIE FORMATIO}I

THRUST FAULTi II UPPER SfiEET

srore uoutrD

o€t

- - 
€o+S o ! xrlotEt€ia
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Table 1. Generalized stratigraphic column for Lee County, Virginia with key to geologic formations shown in Figures l3 and 15.

System Formation and rock type

Approx.
Average

Thickness
(fee0

.9- A29E!
(JF

Symbol
Key to
Figures
13 and 15

cl

O

C)

Harlan Formation: sandstone, minor amounts of shale and coal

Wise Formation: sandstone, shale and coal
Gladeville Sandstone : sandstone
Norton Formation: sandstone, shale and coal
Lee Formation: sandstone. minor amounts of shale and coal

650
1900

50
I 150
1680

rf,
rn

R
oo
q
o

Bluestone Formation: sandstone and shale

Hinton Formation: sandstone and red shale

Bluefield Formation: shale and calcareous shale

Greenbrier (Newman) Limestone: limestone

Fort Payne Chert: chert
MacCrady Shale: red shale

Price Formation (Grainger Formation): sandstone

300
500
360
360

l5
85

225

rn€ M

F3
'o v)

Chattanooga Shale: black shale
Wildcat Valley Sandstone: calcareous sandstone
Hancock dolomite: dolomite and limestone
Rose Hill Formation: femrginous sandstone
Clinch Sandstone: sandstone and shale

800
25

200
325
260

\o DS

O

v

H

F

U

Sequatchie Formation: sandstone and shale

Reedsville Shale: shale

275
340

Ou

*Trenton Limestone: granular, fossiliferous limestone
*Eggleston Formation: limestone and mudstone
*Moccasin Formation (Hardy Creek and Ben Hur limestones)

Woodway Limestone: impure limestone
Hurricane Bridge Limestone: limestone
Martin Creek Limestone: fossiliferous limestone

Rob Camp Limestone: thick-bedded limestone
Poteet Limestone: limestone with chert
Dot Limestone: limestone and dolomite

550
150
290
270
325
120
75
70

150

a\|

Om

!r

X

V

Mascot Dolomite: dolomite, sandy

Kingsport Dolomite: dolomite, minor amounts of chert

Chepultepec Dolomite: dolomite, sandy

Copper Ridge Dolomite: dolomite

370 t 150
185

740
825

N oeK

Maynardville Limestone: limestone and dolomite
Conasauga Shale: red and green shale, limestone

300
550

r.l& €c

Rome Formation: sandstone, shale and dolomite 1600 €r

* Indicates oil production from fracture reservoirs in these formations.
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Devonian age rocks ofthe underlying block are exposed in
several fensters which lie along the crest of the powell
Valley anticline (Butrs, 1927; Miller and Brosge, 1954;
Miller and Fuller, 1954).

The oil fields and most of the exploratory drilling sites
are in or near the fensters, where drilling depths to the
oil-bearing Middle Ordovician formations are less than
3000 feet (914 m) and where structural closure may be
present. Most of the early productive wells were drilled in
the Rose Hill field in and around the Chesrnut Ridge
fenster (Miller and Fuller, 1954\, but since 1950 a few
have been drilled in the Sulfur Springs fenester (Miller and
Brosge, 1954). These latter wells form the Ben Hur field.
Oil or gas shows have been encountered in Middle Or-
dovician through Devonian age rocks beneath the pine
Mountain thrust, but production has been from only the
Middle Ordovician Trenton (the major producer), Eggle-
ston, and Moccasin formations (upper part of "Om" in
Figures 13 and l5). These formations, named in order
from youngest to oldest, are the only known oil reservoir
beds near the fensters and may be the source of oil or oil
shows found in the Ordovician, Silurian and Devonian age
rocks (Miller and Fuller, 1954). The Upper Devonian-
Mississippian black shales are probably source beds for oil
and gas in the western portion of the Pine Mountain thrust
sheet. In Powell Valley these shale beds are intensely
deformed, and because they lie in the Pine Mountain
thrust zone, are at least partially faulted out. Gas shows
and small quantities of gas have been obtained in a few
wells from the Silurian Hancock dolomite (Table l). This

PENX9YLVAiIAX ROCK3
Ir33r33rPPrAil FOCK3
OEVONIAN AND SIIURIAN ROCKS
UPP€F OROOVICIAN 6HALE3 ANO SANOAIONE9
MIDOLE OROOVICIAT LIMESTOf,CS
KNOX 6ROUP
coiaaauea 6iouP
ROME FORIATIOi
APPiOXIIAIE POSIfION OF POTCNTIAL OTI E'ARIXS ROCKg
(E66lE9TOi, XOCCASTX ANO iREXTOi FOirArrON6).
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Figure 14. Generalized structural map of lre County, Virginia. Map compiled from sources listed in caption to Figure 13.
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Figure 15. Generalized structure sections across the Ben Hur (A-A') and
Rose Hill (B-B') oil fields. Structure sections derived from Harris
( 1967); Hanis and Milici (1977); Miller and Brosge (1954); and Miller
and Fuller (1954). All oil production has been the Chestnut Ridge and
Sulfur Springs fenster areas and from depths of less than 3000 feet
(900m).
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formation lies immediately beneath the Devonian black
shale beds, suggesting that the shales may also be a
hydrocarbon source locally.

The rock sequence exposed in the fensters is a portion of
a thrust sheet beneath the Pine Mountain sheet (Figure
l5). The lower sheet moved up and westward along the
underlying Bales thrust fault following emplacement of
the Pine Mountain sheet (Harris , 1967). This later thrust-
ing formed the Powell Valley anticline by repeating the
upper Cambrian through lower Devonian rock sequence
beneath the Pine Mountain thrust (Harris, 1967). At pres-
ent all oil production in Lee County is from the Bales
thrust sheet. Formations below the Bales fault, including
the Trenton Formation and the Devonian black shales
(Figure 15), have not been drilled. The black shales are
nearly 8000 feet (2438 m) below sea level.

Relation of oil production to lineaments: From study of
geologic maps and structure sections, drilling depths of
the test wells, and other published data relating to the Lee
County oil fields, it is evident, in retrospect, that many of
the test wells in Lee County could not be expected to
produce oil - either because they did not reach oil-bear-
ing rock units, or because they were drilled too far from
structural closure. Production data for the Lee County
wells vary in reliability and therefore are generally in-
adequate for a quantitative study. Accordingly, the pro-
duction data were reduced to the lowest common denomi-
nator for all wells, whether or not the well produced oil.

The 85 oil wells that appear to penetrate the Moccasin,
Eggleston and/or Trenton formations' (see Appendix)
where the formations lie beneath the Reedsville shale (cap
rock) and the Pine Mountain thrust fault were selected for
analysis. The history of oil exploration in Lee County
strongly suggests that only these wells had any chance of
producing oil.

By using the data compiled on Plates l-21, bar graphs

depicting the relation between well production and the
trend of the nearest air photo lineament were constructed

ilsD d NalE tta@ll ftaca (|M6D uut Gxo ot Mltit tlacula tlaat (uxutdo wH:ll
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Figure 16. Distribution of producing and non-producing oil wells in
relation to the trend of the fracture trace (lineament) nearest to the well
site in the Pine Mountain thrust sheet. Each well penetrated potentially
oil-bearing rock units (Moccasin, Eggleston, and Trenton formations)
under the thrust sheet.

both for wells that were very close to lineaments (within
100 feet, 30.5 m) and for those more distant ( >100 feet)
from the lineaments (Figure 16 A and B). (For details of
the process for adjusting scales and plotting data see

"Methodology"). These graphs suggest that lineament
trends are not so well correlated to oil production as is the

distance from a given lineament to thc well. More wells
were drilled along lineaments having certain directions,
for example, northeast, northwest and north, than along
others, but for all wells likelihood of production falls off
significantly where a well is sited more than 100 feet from
a fracture trace. A bar graph depicting the percentage of
producing wells relative to their distance from the nearest

lineament (Figure 17) strongly suggests that the probabil-
ity of oil production from a given well site is increased if
the well site is on an air photo lineament.

This relationship between oil well production and
proximity of well sites to air photo lineaments is not firmly
established because ofthe sensitivity ofthe distance rela-
tionship. It may be that wells and lineaments need be
plotted to within 50 feet (15 m) of true values for rela-
tionships to be meaningful. Additionally, data on the

APPROXU$AIE IXSTANCE (FET]
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Figure 17. Percentages of producing wells in Trenton Formation vs.

distace from fracture trace.

width, depth and attitude of lineament-forming fracture
systems, which is not available, would allow a better
assessment of possible relationships between air photo
lineaments and production.

The relationship between LANDSAT lineaments and

sites of producing oil wells plotted on 1:250,000 scale
(Figure 4) is likewise not definitive, but it seems to hold
true that dry holes are located largely between, rather than
on or near, these lineaments. In many of the dry holes that
were located on lineaments or lineament intersections,

ztlt.(,culc

g

b

I
2

NUffIEER OF WEttS



Puet-rcarroN 28 l3

wells did not reach pay zones or reached them off struc-
ture or at depths so shallow as to have allowed hydrocar-
bons to escape to the surface (see Appendix).

There have not been many wells drilled into the powell
Valley and Chestnut Ridge anticlines in the area between
the Rose Hill and Ben Hur fields (Figure 4: Plates l0-12).
The possibility of local structural closure along the anti-
clines in this area was suggested by Miller and Fuller
1954) and by Miller and Brosge (1954). Likewise, there
has been no drilling on the Sandy Ridge anticline (Figure
l4), a structure which may outline a second subsurface
thrust sheet similar in origin to the one exposed in the
fensters (Hanis and Milici, 1977). The possible associa-
tion between well production and lineaments (fracture
zones) should be systematically tested as drilling is con-
tinued in the areas where structural closure and oil-bearine
rocks occur together.

Because the Lee County oil fields are small, have in-
adequate production data for the wells and are traversed by
only a few lineaments as seen on either air photos or
LANDSAT imagery, the usable sample size is too small to
provide statistically valid results. Analysis of LANDSAT
lineaments derived from multiseasonal, large-scale, en-
hanced imagery may provide a useful tool for recognizing
the shape and extent of subsurface structures. Analysis
should include the trends, lengths and population densi-
ties of the various types of lineaments. The extent of the
Bales thrust block, which is only exposed in the fensters,
for example, ft&y be defined by the area of greatest
LANDSAT lineament density in the Powell Valley anti-
cline.

OBSERVATIONS AND CONCLUSIONS

The value of LANDSAT imagery as a tool in petroleum
exploration is summarized in the followine six observa-
tions and conclusions:

(1) The dominant trend of air photo lineaments in Lee
County correlates well with the trend of fracture
patterns that stress-strain analysis suggests should
have developed in the area during the Alleghanian
orogeny.

(2) The probability of oil production from wells within
about 100 feet (30 m) of air photo lineaments ap-
pears to be appreciably greater than for wells more
distant from the lineaments.

(3) Most short, straight LANDSAT lineaments gen-
erally can be recognized as linear topographic
forms on air photos or topographic maps.

(4) The population densities of short, straight LAND-
SAT lineaments do not correlate well with popula-
tion densities of air photo lineaments. For the two
LANDSAT scenes tested (print 2O and 2l), the air
photo/LANDSAT lineament ratios for 2l quad-
rangles ranged from 1.7 to 18.4. This extreme
range is due in part to unequal conditions oflighting
on the prints and to unequal detail of observation
due to the difference in scale of the two types of
imagery, but mostly it is due to real differences
arising from structural and stratigraphic control of
lineament length and prominence at different
scales.

(5) The statistical trends of shorr, srraight LANDSAT
lineaments derived from scenes having high sun
angles, or from multiseasonal scences having a
wide range of sun direction and angle, correlate
with trends of air photo lineaments.

(6) Long, straight, textual or tonal lineaments visible
on the LANDSAT imagery may mark zones of
strike-slip fracturing that post-dates the Alleghan-
ian orogeny (Fouse and Brigham,1979).

These observations indicate that LANDSAT lineament
maps and derivative lineament data are useful tools in
structural analysis which is directly applicable to pe-
troleum exploration, particulady in areas where other
imagery or geologic maps are not available. LANDSAT
lineament maps do not provide the cartographic accuracy
or topograhic resolution necessary for locating well sites
on specific linear features, and single LANDSAT scenes
do not provide lineament population densities that corre-
late well with air-photo-lineament population densities.

It is not known whether the lineament population den-
sities derived from LANDSAT imagery is more signifi-
cant to oil exploration than those derived from air photos.
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